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THSD7A staining of membranous
glomerulopathy in clinical practice reveals
cases with dual autoantibody positivity
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Thrombospondin type I domain-containing 7A (THSD7A) is a known antigenic target of autoantibodies leading to
primary membranous glomerulopathy and was reported to account for ~ 10% of phospholipase A2 receptor
(PLA2R)-negative membranous glomerulopathy. It has been proposed that PLA2R and THSD7A autoantibodies
are mutually exclusive in membranous glomerulopathy. We validated an immunohistochemical assay to
investigate for THSD7A-associated membranous glomerulopathy and utilized it in 258 consecutive native kidney
biopsies, which showed membranous glomerulopathy in our laboratory, with the exception of membranous
lupus nephritis. Membranous glomerulopathy stained positive for THSD7A-only in 7 (3%) cases, PLA2R-only in
141 (55%) cases, and showed dual positivity for THSD7A and PLA2R in 2 (1%) cases. Serologic testing for
antibodies to PLA2R and THSD7A was performed in a subset of these patients. There was 100% correlation
between positive THSD7A and/or PLA2R tissue staining and the presence of the corresponding autoantibodies in
the serum including the two cases with dual positive THSD7A and PLA2R antibodies. We describe and provide a
protocol for detection of THSD7A-associated membranous glomerulopathy in clinical practice. The cases with
dual THSD7A and PLA2R positivity show that these autoantibodies are not mutually exclusive. They also
emphasize the importance of using a panel-based approach when subtyping membranous glomerulopathy as a
patient could conceptually be identified and treated based on anti-PLA2R titers, but still have anti-THSD7A
antibodies driving persistent disease.
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Primary membranous glomerulopathy is an
autoimmune disease in which autoantibodies are
directed against podocyte antigens resulting in
subepithelial immune deposits and nephrotic
syndrome. The antigenic target of these autoantibodies
was unknown until 2009 when phospholipase A2
receptor (PLA2R) was described as the antigenic
target in ~ 70% of cases with primary membranous
glomerulopathy.1 This discovery was quickly
translated to the clinic and, today, renal biopsy staining
for PLA2R allows for a specific diagnostic classification
of the type of membranous glomerulopathy present.2,3
In addition, serum autoantibodies to PLA2R have been
shown to be a useful biomarker for monitoring disease
activity.4,5

Thrombospondin type-1 domain-containing 7A
(THSD7A) was recently described as a second antigenic
target in primary membranous glomerulopathy.6
In that initial case series, ~ 10% of membranous

glomerulopathy patients negative for PLA2R autoanti-
bodies instead had circulating THSD7A autoantibodies.
It has been proposed that PLA2R and THSD7A are
mutually exclusive.6,7 We validated an assay for
the detection of THSD7A-associated membranous
glomerulopathy and compared pathologic findings in
this variant to those of PLA2R-associated membranous
glomerulopathy. In the process, we identified two
cases with dual PLA2R and THSD7A autoantibodies.

Materials and methods

Patient Selection

Immunohistochemical staining for THSD7A was
performed on all kidney biopsies, in which PLA2R
was ordered in routine clinical care between
December 2014 and April 2015. This included all
native kidney biopsies that showed membranous
glomerulopathy seen in our practice during this time
period with the exception of membranous lupus
nephritis (ISN/RPS class V), a total of 258 cases. This
study was approved by Schulman Associates
institutional review board.
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Standard Renal Biopsy Processing Techniques

Standard renal biopsy processing techniques were
used including light, immunofluorescence, and
electron microscopy.8,9 All light microscopy samples
were stained with hematoxylin and eosin, Jones
methenamine silver, Masson trichrome, and periodic
acid-Schiff reagent. All direct immunofluorescence
sections were cut at 5 μm and reacted with
fluorescein-tagged polyclonal rabbit anti-human
antibodies to IgG, IgA, IgM, C3, C1q, fibrinogen,
and κ- and λ-light chains (Dako, Carpenteria, CA,
USA) for 1 h, rinsed, and a coverslip applied using
the aqueous mounting media. For electron
microscopy, thin sections were examined in a Jeol
JEM-1011 electron microscope (Jeol, Tokyo, Japan).
Photomicrographs were routinely taken at × 5000,
× 12 000, and ×20 000 magnifications.

PLA2R1 Immunofluorescence

The PLA2R1 immunofluorescence staining
procedure was performed as previously described.2
Briefly, PLA2R1 was detected in paraffin embedded
sections using rabbit polyclonal anti-PLA2R1
antibodies (Sigma–Aldrich) at a dilution of 1:50
followed by highly cross-adsorbed Alexa Fluor 488
goat anti-rabbit IgG (Life Technologies, Carlsbad, CA,
USA) at a dilution of 1:100. Each case was run with a
positive and negative (secondary antibody only)
control. The stain was evaluated by standard
immunofluorescence microscopy using a Leica L5
filtercube. It was judged to be positive if there was
positive granular capillary loop staining in the
glomeruli and negative if there was no staining in
glomeruli.

THSD7A Immunohistochemistry

The THSD7A immunohistochemical stain was
performed on a Dako Autostainer Link 48 as detailed
in Table 3. Since THSD7A is normally present in
podocytes, the aim was to optimize the method, such
that we had minimal THSD7A staining in
normal glomeruli and non-THSD7A membranous
glomerulopathy while maintaining strong positive
staining in THSD7A-associated membranous
glomerulopathy. The staining pattern of THSD7A
was scored in all membranous glomerulopathy
cases. Glomerular staining along the glomerular
basement membranes was commonly present.
However, strong diffuse global granular staining of
THSD7A along the capillary loops was only
present in the THSD7A-associated membranous
glomerulopathy cases (Figure 1).

Western Blot Analysis

Human glomerular extract and recombinant PLA2R1
were prepared as previously described.1 Full-length

human THSD7A, and constructs encoding the
cysteine-rich region (CysR; amino acids 26–170)
and the first C-type lectin-like domain (CTLD1;
amino acids 221–356) of human PLA2R1 were
expressed in HEK293 cells and the cell extract
(THSD7A) or the conditioned medium (PLA2R CysR
and CTLD1) used for Western blotting. Gel
electrophoresis and protein transfer to nitrocellulose
membranes were performed according to standard
protocols, and blots were blocked with 10% milk in
Tris-buffered normal saline-Tween 20 (TBS-T). For
use as the primary antibody, patient serum was
diluted at a 1:100 ratio and incubated overnight at
4 °C. IgG4 specific autoantibodies were detected with
sheep anti-human IgG4 (1:3000; The Binding
Site), followed by peroxidase-conjugated donkey
anti-sheep IgG (1:10 000; Jackson ImmunoResearch).
The blots were incubated in chemiluminescent
substrate, then exposed to photographic film for 5 s
to 4min and developed in a Kodak X-Omat
developer.

Results

We sought to validate a staining technique for the
detection of THSD7A-associated membranous
glomerulopathy on kidney biopsies. An immunoper-
oxidase staining method was utilized as our initial
attempt using an indirect immunofluorescence
technique, similar to that described for PLA2R,10
showed false negative staining. Since THSD7A is
normally present in podocytes, the aim was
to optimize the method such that we had
minimal THSD7A staining in normal glomeruli
and non-THSD7A membranous glomerulopathy
while maintaining strong positive staining in
THSD7A-associated membranous glomerulopathy.
Weak pseudo-linear staining along the glomerular
basement membranes was commonly present under
normal conditions and in non-THSD7A-associated
membranous glomerulopathy. However, strong
diffuse global granular staining of THSD7A along
the capillary loops was only present in the
THSD7A-associated membranous glomerulopathy
cases (Figure 1).

Membranous glomerulopathy stained positive for
THSD7A-only in 7 (3%) cases, PLA2R-only in 141
(55%) cases, and showed dual positivity for THSD7A
and PLA2R in 2 (1%) cases (Figure 2). Staining was
negative for both in 108 (42%) cases. A summary of
the clinical findings for the nine patients with
THSD7A-positive membranous glomerulopathy is
available in Table 1. They had a mean age of 62
years and a mean of 8.2 g of proteinuria per day.
Serologic tests for ANA, ANCA, HBV, HCV, and HIV
as well as complement levels were normal in all of
these patients. One of the patients had a remote
history of membranous glomerulopathy that was in
clinical remission for 7 years prior to the current
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Figure 1 Immunoperoxidase staining for THSD7A in membranous glomerulopathy. (a) THSD7A staining in a normal glomerulus shows
weak segmental staining of the glomerular basement membranes. Original magnification ×400. (b and c): Glomeruli from two different
cases of PLA2R-associated membranous glomerulopathy demonstrate the range of normal THSD7A staining that can be seen in cases of
membranous glomerulopathy from (b) weak segmental staining along the glomerular basement membranes to (c) a global moderate
pseudo-linear pattern. Original magnification ×400. (d) Strong global granular capillary loop staining is evident in this case of THASD7A-
associated membranous glomerulopathy. Original magnification ×400.

Figure 2 Membranous glomerulopathy with dual positive staining. (a and b) This case of membranous glomerulopathy showed strong
global granular capillary wall staining for both (a) PLA2R (indirect immunofluorescence; original magnification ×400) and (b) THSD7A
(immunoperoxidase; original magnification ×400).
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biopsy. Tissue from the previous biopsy was not
available for examination.

Serologic testing for antibodies to PLA2R
and THSD7A was performed in four of the
THSD7A-positive patients who had serum available
from the time of biopsy. We also tested serum
from five membranous glomerulopathy cases
with PLA2R-only staining, one membranous
glomerulopathy case negative for both PLA2R and
THSD7A, and one case without membranous
glomerulopathy on biopsy for comparison. There
was 100% correlation between positive THSD7A
and/or PLA2R tissue staining and the presence
of the corresponding autoantibodies in the serum
including the two cases with dual positive THSD7A
and PLA2R antibodies (Table 2 and Figure 3).

Renal biopsy findings in cases of THSD7A-
associated membranous glomerulopathy were typical
of that which is present in primary membranous
glomerulopathy. Immunofluorescence was positive
for IgG, C3, κ, and λ in all cases without IgA, IgM, or
C1q staining. Electron microscopy in all nine cases
showed evidence of subepithelial deposits without
subendothelial or mesangial deposits. There was no
evidence of IgG staining outside of the glomeruli such
as the tubular basement membranes. IgG subtype
analysis was performed in six of the nine THSD7A
positive cases. There were three cases co-dominant
for IgG1 and IgG4, two cases were IgG1 dominant, and
one case was IgG4 dominant.

Discussion

The diagnosis of membranous glomerulopathy is made
when the renal biopsy shows a combination of
granular deposits of IgG along the glomerular basement
membranes on immunofluorescence in combination
with subepithelial deposits by electron microscopy.
Traditionally, this disease has been divided into
primary, in which the etiology is unknown, and
secondary when one of numerous associated
conditions is identified. Identification of PLA2R as
the antigenic target in ~70% of primary membranous
glomerulopathy has made it possible to diagnose a
specific subtype of membranous glomerulopathy based
on the underlying pathogenic mechanism driving the
disease and has enabled non-invasive monitoring
utilizing serologic testing for PLA2R antibodies as
biomarkers of activity.4,5 The recent identification of
THSD7A as a second antigenic target of antibodies
leading to primary membranous glomerulopathy
provides the ability to classify more of these cases.
We provide here our experience with detecting
THSD7A-associated membranous glomerulopathy on
renal biopsy using a specific immunohistochemical
stain in a large biopsy cohort.

Subclassifying membranous glomerulopathy
based on the autoantibody driving the disease
can be performed through serologic testing for
autoantibodies or staining the renal biopsy. In the
setting of PLA2R, tissue staining has been shown to
be more sensitive for the detection of the type of
membranous glomerulopathy present than serum
testing.11 Care must be taken when utilizing an
immunoperoxidase technique for membranous
subtyping to avoid mistaking normal podocyte
staining for evidence of disease-associated positivity
in glomeruli (Figure 1). We have found that for
THSD7A, a diffuse global capillary wall staining
pattern for THSD7A is specific for identifying cases
in which the patients have autoantibodies directed
against this protein. The protocol utilized in our
laboratory is provided in Table 3. However, careful
validation must be performed in each laboratory as
variability in local tissue processing protocols
(eg, fixation type and time) might affect these results
and alterations in the protocol will likely be
necessary to achieve acceptable results.

We present here the first report of cases of
membranous glomerulopathy with dual positive
antibodies against THSD7A and PLA2R. These rare

Table 1 Clinical findings in THSD7A-associated membranous
glomerulopathy

Clincial findings

Mean Age (range), years 62 (43–76)

Gender M/F 7/2

Race
African American 4/9
Caucasian 4/9
Hispanic 1/9

Mean serum Cr (range), mg/dl 1.4 (0.6–3.3)

Mean proteinuria/day (range), g/24 h 8.2 (2.4–15)

Hypoalbuminemia 9/9

Table 2 Summary of serologic results

Biopsy result Serum anti-PLA2R + Serum anti-THSD7A +

Membranous glomerulopathy with PLA2R only (n=5) 5/5 0/5
Membranous glomerulopathy with THSD7A only (n=2) 0/2 2/2
Membranous glomerulopathy with dual PLA2R and THSD7A (n=2) 2/2 2/2
Membranous glomerulopathy negative for PLA2R and THSD7A (n=1) 0/1 0/1
Non-membranous glomerulopathy (n=1) 0/1 0/1
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cases with dual THSD7A and PLA2R positivity show
that these autoantibodies are not mutually exclusive
and reveal the need for further study to determine the
underlying etiology when more than one antibody is
present. We do not know at this time if both
autoantibodies are pathogenic in driving disease. It is
possible that one of the autoantibodies represents
‘opportunistic’ antibody formation after podocyte
antigens are exposed in disease. Alternatively,
as genetic association studies have shown that the

genetic susceptibility to idiopathic membranous
glomerulopathy involves HLA DQA1,12,13 it is possible
that certain individual’s immune systems are
genetically primed to produce autoantibodies to
podocyte antigens and both are pathogenic.

The diagnosis and treatment of membranous
glomerulopathy is in the midst of transformation as
details concerning the underlying pathogenic drivers
of disease are uncovered. We present here our
experience with THSD7A staining of renal biopsies
in clinical practice. Further work is needed to
determine whether or not serologic studies for
THSD7A are useful for noninvasive monitoring of
disease activity as they are for PLA2R. Unlike
previous reports, we show that THSD7A and
PLA2R autoantibodies do rarely occur together in
cases of membranous glomerulopathy. These cases
emphasize the importance of using a panel-based
approach when subtyping membranous glomerulo-
pathy as a patient could conceptually be identified
and treated based on anti-PLA2R titers, but still have
anti-THSD7A antibodies driving persistent disease.
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